INTRODUCTION
The initial discomfort experienced during orthodontic treatment for the first couple of days after force application is generally accepted as inevitable. Most orthodontic appliances deliver a relatively complicated set of forces and moments that are indeterminate and not quantitatively predictable. Many factors have been assumed to affect the perception of pain, namely the intensity and duration of applied forces, age and gender, degree of crowding, structure of wires, patient's psychological background and past experiences. There is a traditional belief of the existence of a relationship between the amount of force applied to the tooth and the degree of pain experience. Existing literature has indicated that patients may feel tension, pressure, soreness of teeth, and pain as a result of orthodontic treatment [1, 2, 3] . The prevalence of experiencing at least some degree of pain among subjects ranges from 70% to 95% [4] .
Nickel-titanium (NiTi) alloys have been widely used in orthodontics, especially at the beginning of orthodontic treatment. This is mainly due to their good mechanical properties, biocompatibility and ductility, resistance to corrosion, lower elastic modulus, superelasticity and shape memory effect (SMA). The superelasticity is the property of NiTi alloy to deflect on loading without plastic deformation, and return to its preformed shape after unloading. The alloy can be deformed up to 8% strain, which is useful in leveling severely misaligned teeth. Shape memory heat-activated NiTi archwires can return to their original shape, recovering from large strains throughout heating. While superelasticity is induced by stress, shape memory is initiated when the alloy in martensite phase is warmed and transformed to stable austenite phase in the specific range of temperature transformation. The deflection of heat activated alloy can generate locally stress induced martensite, which is unstable at oral temperature and undergoes reverse transformation to austenite as soon as the stress from misaligned teeth is relieved.
Wire is very pliable in the areas of crowded teeth exerting continuous force until the teeth move into a new position and reduction in deflection occurs [4] [5] [6] [7] [8] [9] .
OBJECTIVE
The aim of this study was to investigate pain perception among patients with dental crowding after insertion of six different NiTi orthodontic wires in the first stage of orthodontic treatment with fixed appliances.
METHODS
The scientific protocol was approved by the Ethic Committee of the School of Dental Medicine, University of Belgrade, and all subjects signed informed consent form to participate in this study.
The investigation was conducted on a sample of 189 orthodontic patients (84 male and 105 female) treated at the Department of Orthodontics, University of Belgrade satisfying the following criteria: 12-30 years of age, permanent dentition, no systemic medical or chronic conditions, no caries and periodontal disease and no history of chronic pain, depression and anxiety. Conventional 0.018 inch slot stainless steel brackets -Ricketts prescription (Equillibrium II metal brackets, Dentaurum, Germany) were bonded. The following initial archwires (0.014 inch diameter) were randomly inserted and ligated: 1) Rematitan (Dentaurum, Germany) -superelastic archwire; 2) Sentalloy (GAC, Japan) -superelastic archwire; 3) Truflex (Ortho Technology, USA) -superelastic archwire; 4) Rematitan Thermo NiTI (Dentaurum, Germany) -heat activated archwire; 5) Truflex Thermo (Ortho Technology, USA) -heat activated archwire; 6) Damon Copper NiTi (Ormco, USA) -heat activated archwire.
At the end of bonding appointment all subjects were given the modified McGill Pain Questionnaire with Visual Analogue Scale (VAS) and asked to fill it out until the next appointment ( Figure 1 ). The Questionnaire consisted of questions concerning the cause of pain, type, location, duration, intensity, initiation of pain perception as well as the level of self-medication.
All patients received one of six either superelastic or heat activated archwires from different manufacturers. The patients were allocated to one of six groups with the same archwire and divided in regard to the degree of dental crowding in three groups: mild crowding (less than 4 mm of space deficiency), moderate crowding (from 4-6 mm of space deficiency) and severe crowding (more than 6 mm of space deficiency) ( Table 1) .
Statistical analysis was performed using simple descriptive statistics and Pearson's chi-square test with statistical significance of p<0.05. (Tables 2 and 3 ): The most frequently reported cause of pain (statistical significance) was chewing (Tables 4 and 5 ): After ligation of archwire, pain in most of the patients was provoked either by chewing or biting, with exception to patients with Truflex Thermo and Damon archwire who perceived constant pain. All subjects perceived pain as pressure initiated right after insertion of wire or with delay of 6-12 hours. Discomfort with intensity ranging from 3-8 on VAS lasted 4 days (Tables 6 and 7) : Chewing was the dominant cause of pain in patients with all 6 archwires, with statistical significance in patients with Rematitan, Sentaloy, Rematitan Thermo and Damon archwire. Pain was perceived significantly as pressure and discomfort in groups with Rematitan, Sentaloy and Rematitan Thermo archwires. No statistical significance was found in reported site of pain as well as in intensity, which was 3-4 on VAS. Only subjects in the group with Truflex Thermo archwire perceived pain as pulsating and very strong (intensity 7). Most of the time, subjects did not take any medication for pain that decreased with time.
RESULTS

Mild crowding
Generally, the majority of patients reported pain of moderate intensity that was triggered by biting or chewing and started within 12 hours after bonding appointment with no relationship to crowding. The types of pain, most commonly described by subjects, were pressure and discomfort that lasted 3-4 days and decreased in intensity over time without self-medication.
DISCUSSION
The present study was performed on a sample of 189 orthodontic patients who were given the modified McGill Pain Questionnaire with VAS to assess the quality and intensity of pain after insertion of initial NiTi orthodontic wire as a part of fixed appliances. It is well-known that correct measurement of pain is an essential part of its evaluation, and adaptation of methods to control it.
Various approaches have been used to measure and evaluate pain perception in orthodontic patients. The methods adopted vary from traditional surveys with pretested questionnaires to rating with Visual Analogue Scale (VAS) [10] , McGill Pain Questionnaire (MPQ) [11] , and Verbal Rating Scale (VRS) [12] . None of the proposed approaches on its own have provided a precise pain assessment in orthodontics and a miscommunication and poor management of pain in orthodontic patients were reported [13] . For that matter, the modified McGill questionnaire with VAS for orthodontic purposes was proposed in this study. The questionnaire included all aspects of pain quality such as: type of pain, timing, duration, location and intensity as well as necessity for pain management. The questionnaire was found to be accurate, appropriate and clear even to younger subjects who completely understood all questions.
Following insertion and ligation of six different NiTi wires subjects perceived pain. The mechanisms by which pain arises when orthodontic force is applied are not completely understood. It has been suggested that pain perceptions are due to blood flow changes in the periodontal ligament (PDL) [14, 15] . Other studies have indicated the presence of prostaglandins, substance P, and other substances to be associated with discomfort. Two types of pain have been described in the past literature including the immediate and delayed pain responses to orthodontic treatment [16, 17] . Immediate response can be explained by the initial compression of the PDL. The delayed response is due to the partial compression of the PDL that still allows blood flow and over time results in hyperalgesia of the PDL which lowers the patient's pain tolerance. This type of pain develops a few hours after appliance placement and is caused by an increased sensitivity to prostaglandins, histamines, and substance P [18] .
It has been previously reported that the magnitude of the force applied to teeth corresponds to the experienced pain [4, 19] . Therefore, the use of lighter forces has been recommended to reduce pain. However, other studies have found no relationship between the applied force and associated pain [20] [21] [22] [23] , and the controversy on whether or not light forces will decrease the degree of pain during tooth movement remains unanswered.
In the present study, 0.014 inch diameter wires were used for leveling in the first phase of orthodontic treatment in order to produce light forces even in cases with the most severe crowding. No differences in pain perception between patients with 0.014 and 0.016 inch NiTi archwires were found in a recent study [24] . The difference in pain response was not found when superelastic NiTi wires, conventional NiTi wires and stainless steel wires were compared [25] .
A distinctive kind of force activation in superelastic and heat activated NiTi wires prompted their use in present study in order to determine if there were any differences in pain perception among patients with different wires. No statistical analysis was undertaken to compare perception of pain between patients with different types of archwire and the same degree of crowding due to a small number of subjects in each group.
In the present study, the quality and intensity of pain was not in correlation to the degree of dental crowding as well as the type of archwire. Since the pain during orthodontic treatment is mostly associated with the level of compression of the PDL, it may be hypothesized that both superelastic and heat activated NiTi archwires generate equal response of the periodontal ligament and blood vessels initiating the similar type of pain perception. Clinical and anecdotal observations have suggested a correlation between the degree of dental crowding (the intensity of forces applied by a fully engaged initial archwire) and pain. Studies revealed that the crowding at the start of treatment or the magnitude of force applied to the teeth by the archwire did not appear to affect the discomfort experienced by patients [12, 20] , which was in agreement with the present study.
Two previous studies that attempted to compare pain intensities associated with application of different force magnitudes using a split-mouth design, found that higher forces were associated with stronger pain [22, 23] . In places where superelastic wire was engaged in the brackets of severely misaligned teeth, the wire did not follow the Hooke's low and exerted the same amount of force (stress) independent of the degree of activation (strain) [26] . Thus, it was expected that the amount of force applied to teeth would be the same no matter of the degree of crowding.
Results of the present study indicated that there were no significant differences in pain response in subjects with a different degree of crowding. Heat activated archwires undergo phase transformation at oral temperature. In the mouth, the wire is in austenite phase. In case of crowding teeth, stress is applied to wire and stress induced martensite is formed. Stress induced martensite is unstable at oral temperature and could be easily transformed into austenite when teeth change their position and stress is relieved. The amount of strain in the wire ligated in the slots of brackets of irregular teeth, again, is not the same as the amount of forces that wire applies to teeth. Therefore, the same amount of force was expected to be applied to teeth in mild and severe crowding [7] . Another explanation to similar pain perception in the patients with different degree of crowding would be that the force generated in the archwire is not the same (i.e. the force is higher in severe crowding), but the response from the PDL was the same if necrosis and hyalinization did not occur. Another study reported that the same degree of forces caused variations in blood flow in the PDL [27] . The authors questioned the validity of using the degree of force and pain response as a guide to the determination of the amount of hyalinization and damage to the PDL. Even if higher degree of deflection of archwire engaged in the brackets of misaligned teeth produces higher force to the PDL, the perception of pain is the same which is in agreement with the results of the present study.
The pain triggered by chewing and biting was most frequently reported by the patients. These results were consistent with findings of other studies that assessed the perception of pain during orthodontic treatment [3, 4, 12, 15, 28] . In the current investigation, the patients reported pain immediately after insertion of archwire or within the next 6-12 hours with tendency to decrease. These findings were in agreement with previous studies in which pain increased and peaked between 4 and 24 hours after the application of force and then decreased [1, 3, 12, 24, 29] . The majority of patients from various studies reported pain as pressure or discomfort that lasted for 7 days with a gradual decrease which is in agreement with the present study [1, 3, 4, 30] .
CONCLUSION
The patients of all six groups with different archwires and degrees of crowding had reported a similar perception of pain at the beginning of orthodontic treatment with fixed appliances. The pain perceived as pressure or discomfort was predominantly triggered by biting or chewing, started within 12 hours of archwire insertion, lasted up to 4 days with moderate intensity and decreased over time without self-medication. In an attempt to describe if the degree of crowding was associated with different pain perception no significant correlation was found. Information obtained from the questionnaire can help practitioners in patients' education of the quality and intensity of expected pain as well as adequate pain management.
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